Abstract
INTRODUCTION
Nitric oxide (NO) is a short-lived biomolecule with various biologic functions. Since its discovery as a biologically active molecule in the late 1980s, NO has been regarded to play a role as a signal molecule in organisms, immunological defense mechanisms and carcinogenesis [1] [2] [3] [4] . This small molecule is a product of the conversion of L-arginine to L-citrulline by NOS. NOS can be classified into three isoforms: neuronal nitric oxide synthase (nNOS), inducible nitric oxide synthase (iNOS) and endothelial nitric oxide synthase (eNOS) [5] [6] [7] . nNOS is expressed mainly in neuronal cells, and NO functions as a neurotransmitter. eNOS mainly exists in endothelial cells and NO regulates blood pressure. Both isozymes are constitutively expressed and their activities are Ca 2+ -dependent. iNOS activity is Ca 2+ -independent and is induced in various types of cells by inflammatory cytokines, lipopolysaccharides, and other stimuli [8] [9] [10] . Thus, the distribution of NOS isoforms is tissuespecific and altered by pathological conditions.
In some tumor tissues, NO has been found to enhance tumor angiogenesis and induce vasodilatation, thus accelerating tumor growth [11] . In other tumors, including gastric and colon cancer, a decreased amount of NOS protein was demonstrated by immunohistochemistry, and there is a possible relationship between loss of NO and carcinogenesis [12, 13] . Recent studies have demonstrated that NOS expression and its activities in gastric cancer are elevated [14, 21, 32] . However, the distribution and function of NOS isoforms in gastric tumor tissue have not been fully elucidated. This study investigated the expression of the constitutive isoform (cNOS), the inducible isoform (iNOS) in human gastric cancer tissue, and further explored the relationship between iNOS expression and the pathological features, clinical staging of gastric cancer.
Recent studies indicate that gastric cardia carcinogenesis is a multistep progressive process involving multiple genetic changes (accumulation or overlap). The accumulation of p53 protein and p53 gene mutation can be observed in the very early stage of gastric cardia carcinogenesis, with positive immunostaining and mutation rates increased with the progression of lesions [15, 16] . In addition, other studies also show that PCNA protein overexpression can be observed in the carcinogenesis of gastric cardia adenocarcinoma [17] . In the present study, the expression levels of iNOS were examined to explore whether they correlated with the expression of p53 and PCNA in gastric cancer tissue.
MATERIALS AND METHODS

Tissue preparation
Eighty-five patients with gastric cancer (50 men, 35 women, ranging in age from 35 to 70 years, mean 52 years) underwent curative gastrectomy in our hospital from 1998 to 2001, including 38 cases of early gastric cancer and 47 cases of advanced gastric cancer. Histologically it included 28 cases of moderately differentiated gastric carcinoma, 25 cases of highly differentiated carcinoma and 32 cases of poorly differentiated carcinoma. Pathologists confirmed all gastric cancer tissues. Twenty-five samples of normal gastric mucosa were obtained through a gastroscope. Dissected samples were frozen in liquid nitrogen and stored at -79 until analyzed. Resected tissues were fixed in 40 g/L buffered neutral formaldehyde and embedded in paraffin and serially cut into 5 µm thick sections.
NOS activity
Activity of NOS was determined by a method based on the conversion of L-[ were centrifuged at 10 000 g for 5 min. The supernatant was collected into a water miscible scintillate and the radioactivity was counted using a Beckman LS 2400 liquid scintillation counter.
Immunohistochemistry
Immunohistochemistry was performed using the streptavidinperoxidase (SP) method. The following primary antibodies and kits were used: polyclonal antibodies against iNOS, eNOS, nNOS, p53, PCNA (Santa Cruz Inc. USA). Dewaxed sections were heated in a microwave oven (700 W) for 12 min to retrieve the antigens and cooled to room temperature. Endogenous peroxide was blocked by 3% hydrogen peroxide (H 2 O 2 ) for 15 min in methanol. After washing with phosphate-buffered-saline (PBS. 0.01 mol/L), the sections were further blocked by 10% goat serum for 15 min to reduce the nonspecific antibody binding, and then incubated with the primary antibodies against iNOS (eNOS, nNOS, p53, PCNA) at 4 overnight. After washing with PBS for 2×5 min, the sections were incubated with the secondary anti-rabbit immunoglobulin (Ig, Santa Cruz Inc. USA) conjugated with biotin at room temperature for l5 min, washed again with PBS (0.01 mol/L), and incubated with streptavdinperoxidase complex for l5 min. The reaction products of peroxidase were visualized by incubation with 0.05 mol/L TrisHCl buffer (pH7.6) containing 20 mg 3.3' -diaminobenzidine (DAB, Maixin-Bio Co. China) and 100 µL 5% hydrogen peroxide per 100 mL. Finally, the sections were counterstained for nuclei by hematoxylin solution. The sections in the control group were stained according to the above method, with the first antibody substituted by PBS. The assessment of all the samples was conducted blindly by calculating the average ratio of positive cells in 10 vision fields (the plasma staining brownyellow) under a 400× microscope. If the average positive cell ratio was more than 10%, this sample was considered positive.
In situ hybridization
In situ hybridization (ISH) was used to detect the expression of iNOS mRNA, eNOS mRNA and nNOS mRNA in gastric cancer tissue. NOS probes and kits were purchased from Boster Bio Co. (China). Dewaxed sections were incubated with 3% hydrogen peroxide for 30 min to reduce the non-specific binding and then with 1 µg/mL pepsin for 5-8 min to improve the penetration of the probe. Prehybridization was performed at 40 for 3 h to enhance the hybridization efficiency, and hybridization was conducted in 42 water bath with each section covered with a coverslip. The thorough washing procedure was as follows: 2×SSC (sodium chloride and sodium citrate) at 37 for 15 min, 0.5×SSC for 15 min, 0.2×SSC for 15 min. The sections were visualized according to the manufacturer's instructions of the kit. We counted the positive cells in total cells in 10 vision fields (the plasma was stained purplish blue) under 400× microscopes. If the average positive cell ratio was more than 10%, the sample was considered positive.
Statistics analysis
Statistical comparison of NOS immunoreactivity with clinicopathological findings. p53 and PCNA overexpression was performed using chi-square test. t test was used for comparison of the activity of NOS. P values less than 0.05 were considered statistically significant.
RESULTS
NOS activity
The total NOS activity (pmole/min per mg protein) was measured in human gastric tumor tissues from surgically treated patients and normal tissues. The activity in gastric tumor tissues was about 75% higher than that in normal tissues (P<0.01) (Figure1). Analysis of gastric cancer samples by histological classification showed that poorly differentiated adenocarcinomas had 2.0 and 2.5 times higher activity than highly and moderately differentiated adenocarcinomas, respectively (Figure2). 
Immunohistochemical analysis
Tumor cells in 69 out of 85 cases (81.2%) were positive for iNOS. Strongly positive reactions showed diffuse dark brown-yellow reaction products in cytoplasm of most tumor cells ( Figure 3A ). There was no apparent relationship between iNOS positivity and invasiveness of the tumor. Five cases out of 25 (20%) showed positive reaction to iNOS in normal gastric epithelial cells. The expression of iNOS protein was significantly higher in human gastric tumor tissues than in normal tissues. Statistically, there was a significant difference between gastric tumor tissues and normal tissues (P<0.01). However, the epithelial cells of gastric mucosa in all cases were strongly positive for eNOS ( Figure 3B ), only 6 out of 85 cases (7.1%) showed weakly positive reactions to eNOS in tumor cells. The nNOS was not detected by immunohistochemistry in gastric tumor tissues and normal tissues.
In situ hybridization
iNOS, nNOS and eNOS expressions were analyzed at mRNA level in gastric tumor tissues. The purple-blue hybridization signal was restricted to the cytoplasmic portion. Forty-two out of 69 iNOS-positive gastric tumor tissues had a strong staining ( Figure 4A ), while the rest had a less strong staining. Six eNOS-positive gastric tumor tissues had a weak staining ( Figure 4B ). Statistically, there were significant differences in gastric tumor tissues (P<0.01) between iNOS mRNA and eNOS mRNA expressions. nNOS mRNA was not detected by in situ hybridization in gastric tumor tissues.
Relationship between iNOS expression and clinico-pathological findings
There was a significant correlation between iNOS expression and tumor differentiation, clinical stages and lymph node metastases in gastric tumor tissues (P<0.05). However, the expression of iNOS was not associated with the patho-histological classifications and types of morphology (Table 1) .
Relationship between iNOS and p53, PCNA expressions in gastric cancer
p53 and PCNA proteins were detected in a large number of tumor cells in 72 (84.7%) ( Figure 5A ) and 69 (81.2%) ( Figure 5B ) out of 85 gastric tumor tissues, respectively. As shown in Table 
DISCUSSION
Gastric carcinoma tissues showed an increase of the overall NOS activity by about 75% when compared with the normal tissues in our studies. The increased NOS activity in the tumor was well reflected in the elevated level of NOS mRNA expression in the tumor tissues. The results coincide with the previous data obtained from colon [13] , lung [18] and breast [19] tumors. However, our results differ from a previous report that showed a marked reduction of NOS expression in gastric tumor tissues than in gastric mucosa [20] . We assume that the difference in expression levels is due to the different determination methods employed by the authors. Our finding of the increased activity of NOS in gastric cancer supports the general hypothesis that excessive NO production may contribute to the pathogenesis of cancer progression. The expression of eNOS in our studies was strong in glandular epithelium of gastric mucosa by immunohistochemistry. This observation indicates a role of NO in the regulation of epithelial cell integrity or secretion. The iNOS was densely localized in tumor tissues, while normal gastric tissue weakly expressed it. These immunohistochemical results suggest that the increased NOS activity in gastric tumor tissues might be closely associated with the overexpression of the iNOS form, rather than the cNOS form. The localization of iNOS in the apical part of glandular epithelium of tumor tissues by Rajnakova et al. [12] is confirmed by our results. Although some authors [19] have confirmed that iNOS in tumor tissues is localized in migrated macrophages, our results clearly show that iNOS is localized in gastric tumor epithelial cells but not in macrophages. Thus, we hold that NO comes from tumor cells rather than from macrophages in gastric tumor tissues. In this study, nNOS was not detected in human gastric tumor tissues and normal gastric mucosa by immunohistochemistry and in situ hybridization, which coincides with the findings of Koh et al. [20] . In our studies, no correlation was found between iNOS expression and morphological types and histological classification of gastric tumor as observed by others in lung tumor [18] . We also found that the expression rate of iNOS was markedly higher in advanced than in early stages of gastric carcinoma. Our study has confirmed the hypothesis that NO produced by iNOS could promote tumor growth [21] . The reason is that NO produced by iNOS might increase the vascular permeability and accelerate the nutrient supply of tumor tissue and finally promote tumor growth. It was also found that the positive iNOS expression rate in gastric carcinoma with lymph node metastasis was higher than in that with no metastasis (P<0.05), suggesting NO produced by iNOS in gastric tumor tissues can promote its lymph node metastasis as observed by others [27] . In addition, poorly differentiated carcinomas of the stomach demonstrate a higher expression of iNOS than highly and moderately differentiated carcinomas (P<0.05). These results suggest that NO produced by iNOS plays an important role in gastric cancer growth and invasion.
Another interesting observation was a highly coincidental positive immunostaining rate of iNOS (81.9%) in p53-positive gastric tumor tissues and iNOS (81.2%) in PCNA-positive gastric tumor tissues. Our findings suggest that iNOS expression is significantly associated with p53 mutation and cell proliferation of gastric carcinoma (P<0.05). This result is consistent with the findings in human hepatocellular [22] , head and neck [23] , endometrial [24] , pharyngeal [25] , esophageal tumors [26] . Increased iNOS expression has been demonstrated in many tumors, such as gastric cancer [27] , brain tumors [28] and colon cancer [13] . Tumorassociated NO production might modify DNA directly, or inhibit DNA repair activities [29] . Thus, we conclude that NO may lead to loss of cell proliferation control and p53 mutants in gastric cancer. Recent studies on gastric cancer patients have shown that increased expression of iNOS may promote gastric cancer progression by providing a selective growth advantage to tumor cells with non-functioning p53 [30, 31] . Thus, inactivation of antioncogene p53 and overexpression of iNOS play a synergetic role in the carcinogenesis of human gastric carcinoma.
In conclusion, the expression of iNOS is well correlated with the expression of PCNA and p53 protein. The molecular basis of the expression of iNOS and PCNA, p53 protein, and their roles in the progression of gastric cancer need to be investigated in follow-up studies.
